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INTRODUCTION

U.S. Geological Survey oil-shale core CR-2 was drilled in the northern 

part of the Piceance Creek Basin, in the southeast corner of T. 1 N., R. 97 

W., Rio Blanco County, Colorado (fig. 1). The cored interval contains the 

Parachute Creek Member and underlying Garden Gulch Member of the Green River 

Formation (Eocene). The Parachute Creek Member is well known for its thick, 

rich oil-shale sequences and beds rich in the saline minerals nahcolite and 

dawsonite. The Parachute Creek Member forms the main body of the Green River 

Formation and has been subdivided into rich and lean oil-yield zones (Donnell 

and Blair, 1970; Cashion and Donnell, 1972) as shown in figure 2.

The Garden Gulch Member contains more clay, less carbonate minerals, and 

generally has lower oil yields than the overlying Parachute Creek Member.

X-RAY DIFFRACTION MINERALOGY

About 1500 samples were collected at 0.3-meter intervals throughout the 

CR-2 core; they were crushed, homogenized, and used to determine oil yield by 

Fischer Assay (Donnell and Pitman, 1976). Splits from the oil-yield samples 

were used to determine whole-rock mineralogy by X-ray diffraction. Mineral 

determinations were made with a Picker X-ray diffractometer using Ni-filtered,
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CuK radiation. For the minerals identified, relative peak-height intensities 

were measured above background. The following minerals were detected in 

greater than trace amounts and were identified by known peak position.

Mineral Formula Peak position (degrees 20)

Analcime

Aragonite

Calcite

Dawsonite

Dolomite

Illite

K-feldspar

Nahcolite

Na-feldspar

Pyrite

Quartz

Siderite

NaMSl203 .H20

CaC03

CaC03

NaAl(C03 )(OH) 2

(Mg,Ca)(C03 ) 2

(OH4K4(Si6Al2)(Mg.Fe) 6020

KAlSi3Og

NaHC03

NaAlSi3Og

FeS2

Si02

FeCOo

26.0

26.2

29.4

15.9

30.9

8.9

27.5

30.4

28.0

33.0

26.6

32.0



Profiles of the relative concentrations of these minerals throughout the 

core are shown in figure 3. Only a qualitative comparison can be made between 

the mineral curves because interferences between principal peak positions of 

more than one mineral make accurate identification difficult. This was 

particularly true when mineral abundance was relatively low. Accurate peak 

locations may also be difficult to determine because minerals such as calcite 

and dolomite commonly vary in composition and their corresponding peaks shift 

within a certain range.

CHEMICAL ANALYSES

Chemical analyses were determined for selected samples from the Garden 

Gulch and Parachute Creek Member of the Green River Formation. Concentrations 

of aluminum, iron, magnesium, calcium, potassium, titanium, boron, chromium, 

copper, gallium, manganese, molybdenum, nickel, lead, scandium, strontium, 

vanadium, ytterbium, and zirconium were measured by semiquantitative optical 

emission spectroscopy in 264 0.3-meter-interval composite samples from the 

Garden Gulch Member (tables 1 and 2; figure 4). More complete, quantitative 

analyses were also obtained for silicon, aluminum, iron, magnesium, calcium, 

sodium, potassium titanium, sulfur, lithium, rubidium, mercury, uranium, and 

thorium in 32 samples, representing about every tenth 0.3-meter-interval 

sample from the Garden Gulch Member (table 2 and 3; fig. 4). The Mahogany 

zone, which is the richest oil-shale unit (fig. 2) is between about 229 and 

320 meters in the CR-2 core. A total of 74 samples were collected within this 

90-meter section on the basis of a nested analysis-of-variance sampling design 

in which geochemical variability was examined at 30-meter, 3-meter, and 0.3- 

meter levels (tables 4, 5, and 6; figs. 5 and 6). The 90-meters of core 

containing the Mahogany zone was subdivided into three 30-meter intervals; 

each 30-meter interval was subdivided into ten 3-meter intervals; each 30-



meter interval was subdivided into ten 0,3-meter intervals (composited 

individual samples; fig. 5). From each 30-meter interval, two 0.3-meter 

samples (the first and sixth) were collected from each of the ten 3-meter 

intervals. Each of the samples was crushed and homogenized for analysis. 

Duplicate analyses were obtained for every fifth sample in order to determine 

the analytical variance (fig. 5).

The 300-meter interval between the bottom of the Mahogany zone (320 

meters) and the top of the Garden Gulch Member (620 meters) contains most of 

the Parachute Creek Member (fig. 2). This interval also contains the saline 

facies of the Parachute Creek Member as indicated by the presence of the 

evaporite minerals nahcolite and dawsonite. The middle 300 meters was also 

sampled according to a nested analysis-of-variance design in order to examine 

geochemical variability at the 30-, 3-, and 0.3-meter levels (tables 7, 8, and 

9; figs. 7 and 8). The same basic design used for the Mahogany zone was used 

for the middle 300 meters except that two 0.3-meter samples were collected 

from only two (the first and sixth) of the ten 3-meter intervals (figure 6). 

This design resulted in the collection of 53 samples for elemental analysis 

(including 11 analytical duplicates).

Profiles of element concentration in the entire CR-2 core are shown in 

figure 9. Observed ranges of major element concentrations in samples from the 

entire CR-2 core, and geometric means for each element in each of the three 

study zones are plotted in figure 10. Observed ranges of trace and minor 

elements in samples from the CR-2 core, and geometric means for each element 

in each of the three study zones are plotted in figure 11.
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Figure 1.—Index map of the Piceance Creek Basin, Colorado, showing the 

location of USGS corehole CR-2. The blocks labeled C-a and C-b are 

the two Colorado prototype oil shale development lease tracts. 

Hachured line encloses the Piceance Creek Basin.



Figure 2.—Percent oil by Fischer Assay in USGS corehole CR-2, Piceance Creek 

Basin, Colorado. Heavy line through original data represents a 31- 

point weighted moving average of the original data. The oil-yield 

rich (R) and lean (L) zones of Cashion and Donnell (1972) and the 

three geochemical study zones discussed in this report are 

indicated to the right of the plot.
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Figure 3.—Profiles of relative concentrations of quartz, dolomite, calcite, 

potassium feldspar, albite, illite, analcime, nahcolite, and 

dawsonite determined by X-ray diffraction in oil shale from the 

Green River Formation, USGS corehole CR-2 Piceance Creek Basin, 

Colorado. Values are in relative X-ray diffraction intensities. 

Profiles indicated by "-of" are computed on an organic-free 

basis. Heavy smoothed curve drawn through most plots was computed 

using a weighted moving average.
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Figure 4.—Profiles of concentrations of Al, Fe, Mg, Ca, K, Ti, B, Ba, Cr, Cu, 

Ga, Mn, Mo, Ni, Pb, Sc, Sr, V, Yb, and Zr determined by semi- 

quantitative optical emission spectroscopy, and As, Hg, Li, Rb, Sb, 

Sn, Zn, Th, and U determined by X-ray fluorescence (XRF), atomic 

absorption spectrophotometry (aa), and neutron activation analysis 

(naa) in oil shale from the Garden Gulch Member of the Green River 

Formation (625 to 730 meters) in the USGS corehole CR-2, Piceance 

Creek Basin, Colorado. Original data points are connected with a 

dashed line. Solid line through original data represents a 5-point 

weighted moving average of the original data for X-ray 

fluorescence, atomic absorption, and neutron activation analysis 

data, and a 31-point weighted moving average for semiquantitative 

spectrographic data.
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Level 1 = 30 m

(Divide core from 
229 to 320 m into 
3, 30-m intervals)

DEPTH 
(meters)

229

259 ..

290

320

* = interval within level 
selected for sampling

Level 2 = 3 m

(Divide each 30-m 
interval into 10, 
3-m intervals)

Level 3 = 0.3 m

(Sample 2, 0.3-m intervals 
from each 3-ni interval; 
choose 0.3-m interval no. 
1 and 6)

277**

Level 4 = analytical

(duplicate 5 samples in each 
30m interval; i.e. one sample 
every other 3~ni interval)

-Level 1 (30-m)
«-Level 2 (3-m)
**Level 3 (0.3-m)

Level 4 (analytical duplicates)

Figure 5.—Analysis of variance sampling design for the section 229 - 320 

meters including the Mahogany zone, in the USGS corehole CR-2, 

Piceance Creek Basin, Colorado.
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Figure 6.—Profiles of concentrations of Si, Al, Fe, Mg, Ca, Na, K, Ti, F, S, 

organic-C, carbonate-C, As, B, Ba, Co, Cr, Cu, Ga, Hg, La, Li, Mn, 

Mo, Nb, Ni, Pb, Rb, Sb, Sc, Sn, Sr, V, Y, Yb, Zn, Sr, Th, and U 

determined by X-ray fluorescence (xrf), semiquantitative optical 

emission specteoscopy (s), atomic absorption spectrophotometry 

(aa), specific ion electrode (elec), and neutron activation 

analysis (naa) in oil shale from the Mahogany zone (229 to 320 

meters) in the USGS corehole CR-2, Piceance Creek Basin, 

Colorado. Original data points are connected with a dashed line. 

Duplicate analyses are indicated by two points connected by a 

horizontal bar at the same depth. Solid line through original data 

represents a 5-point weighted moving average of the original data.
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Level 1 • 30.5 m
(Divide core from 
320 to 625 m into 
3» 30.5-m intervals)

DEPTH 
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Level 3 f. 0.3 m
(Sample 2, 0.3-m intervals 
from each of two 3-m intervals j 
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1 1111 
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(analytical duplicates) 
Figure 7.—Analysis-of-variance sampling design for 320 to 625 meters in the

USGS corehole Cr-2, Piceance Creek Basin, Colorado.
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Figure 8.—Profiles of concentrations of Si, Al, Fe, Mg, Ca, Na, K, Ti, F, S, 

organic-C, carbonate-C, As, B, Ba, Co, Cr, Cu, Hg, La, Li, Mn, Mo, 

Nb, Ni, Pb, Rb, Sb, Sc, Sn, Sr, V, Y, Yb, Zn, Zr, Th, and U 

determined by X-ray fluorescence (xrf), semiquantitative optical 

emission spectroscopy (s), atomic absorption spectrophotometry 

(aa), specific ion electrode (elec), and neutron activation 

analysis (naa) in oil shale from the central 300 meters (320 to 625 

meters) in the USGS corehole Cr-2, Piceance Creek Basin, 

Colorado. Original data points are connected with a dashed line. 

Duplicate analyses are indicated by two points connected with a 

horizontal bar at the same depth. Solid line represents a 5-point 

weighted moving average of the original data.
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Figure 9.—Profiles of concentrations of Si, Al, Fe, Mg, Ca, Na, K, Ti, F, S, 

carbonate-C, organic-C, As, B, Ba, Co, Cr, Cu, Hg, La, Li, Mo, Mn, 

Nb, Ni, Pb, Rb, Sb, Sc, Sn, Sr, V, Y, Yb, Zn, Zr, Th, and U 

determined by X-ray fluorescence (xrf), semiquantitative optical 

emission spectroscopy, atomic absorption spectrophotometry (aa), 

and neutron activation analysis (naa) in oil shale from the Green 

River Formation in the USGS corehole CR-2, Piceance Creek Basin, 

Colorado. The profiles are 15-point weighted moving averages of 

original data.
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Figure 11.—Observed ranges of trace and minor elements in samples of the 

Green River Formation, USGS corehole CR-2, Piceance Creek Basin, 

Colorado. Geometric means are indicated for 229 to 320 meters 

(including the Mahogany zone; circle), 320 to 625 meters 

(triangles), and 625 to 730 meters (squares). Query at lower end 

of concentration range indicates that lowest concentrations for 

that element are below the detection limit.
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Table 1.—Chemical analyses by semi-quantitative optical emission spectroscopy
of 264 samples from the Garden Gulch Member of the Green River Formation, in

USGS corehole CR-2, Piceance Creek Basin, Colorado

[Values are in percent (%) or parts per million (ppm) dry weight of sample.]
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Table 2.—Summary of composition of the Garden Gulch Member of the Green River 
Formation, USGS corehole CR-2, Piceance Creek Basin, Colorado

CData expressed in parts per million except where noted as percent 
Ratio, number of samples in which the element was found in measurable 
concentrations to number of samples analyzed; leaders (—) indicate no 
data available]

Element

Si, % —— 
Al, % —— 
Fe, % —— 
Mg, % —— 
Ca, % —— 
Na, % —— 
K, % —— - 
Ti, % —— 
F, % ——— 
S, % —— - 
Org-C, % 
Carb-C %
Ao _______

Ba ————
f*r\

PY»_ _ . ___
p-ij __ ____
Ga ————
/** « Ge ————
ITrrHg ————— 
La ————
M

- ————
Ti|f__Mn ————
Mo ————
l\rb _____
Ni —————
Pb —————
Rb —————
Sb —————
qr» — _____
C1**Sn ————
C*r»— __-._

V —————
Y .—— ———
w»ID —————— 
7n ______
7-r»_ _____
u— ——
Th ————

Method

1 
1 
1
3
1
3
1 
1 
4 - 
1 
5 
5 
1

. 2 
2 
2 
2 
2 
2 
1
3 
2
3 
2 
2 
2 
2 
2
3 
1 
2 
1 
2 
2 
2 
2
3 
2
6 
6

Ratio

32:32 
32:32 
32:32 
32:32 
32:32 
32:32 
32:32 
32:32 
32:32 
32:32

16:16 
262:264 
263«263 
117:264 
264:264 
264:264 
264:264

32:32

32:32 
264:264 
243:264

264:264 
261:264 
32:32 
16:16
199*264
16:16 

264:264 
264:264

178:264 
32:32 
264:264 
32:32 
32:32

Observed 
Range

2.0-35 
1.7-7.7 
.03-4.6 
.45-7.2 
1.4-15
.^5-1.5 
.70-2.8 
.12-. 36 

, .028-. 17 
.13-1.3

4.5-40 
<70-300 
200-1500 
<10-20
15-100 
20-150 
10-70

.040-. 21

30-90 
100-700 
<7-70

15-70 
<20-150 
60-140 
.60-2.8 
<10-20 
.50-4.8 
100-700 
50-300

<2-5 
. 68-160 
30-300 

2.0-15 
4.0-37

Geometric 
Mean

22
5-5 
3.1 
2.2 
5.6 
.82 

1.9 
.27 
.10
•53

12 
150
400

9.0 
49 
58 
22

.088

63 
280
19

29
41 
98 
1.2 

11 
1.4 

290 
130

1.9 
120 
96
5-9 
9.0

Geometric 
Deviation

1.59 
1.41 
2.41 
1.77
1.73 
1. 28
1.33 
1.28
1.50 
1.68

1.78
1.33 
1.49 
1.36 
1.40 
1.56 
1.34

1.43

1.29
1.31 
1.97

1.33 
1.52 
1.27 
1.49 
1.37 
1.78 
1.42 
1.37

1.31 
1.25 
1.39 
1.68 
1.64

Analytical Methods:
1 - X-ray fluorescence
2 - Semiquantitative optical emission spectroscopy
3 - Atomic absorption spectrophotometry
4 - Specific ion electrode
5 - Gasometiric
6 - Neutron activation analysis

8



Table 3.—-Chemical analyses of 32 samples from the Garden Gulch Member of the 
Green River Formation, USGS corehole CR-2, Piceance Creek Basin, Colorado

[Analyses were by X-ray fluorescence (-x), atomic absorption spectrophotometry 
(-a), specific ion electrode (-elec), semi-quantitative optical emission 
spectroscopy (-s), or neutron activation analysis (-n). Values are in percent 
(%) or parts per million (ppm) dry weight of sample. Leaders (—) indicate no 
data available.]
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Table 4.—Summary of composition of the interval 229-320 m ( Mahogany Zone ) 
of the Parachute Creek Member of the Green River Formation, USGS corehole CR-

2, Piceance Creek Basin > Colorado

CData expressed in parts per million except where noted as 
percent (%} ; Ratio, number of samples in which the element was 
found in measurable concentrations to number of samples analyzed]

Element Met]

Si, % —— 1
AL, % —— 1 
Fe, % —— 1 
Mg, % -—— 3 
Ca, % — — 1 
Na, % —— 3
K tSf 4I % ——— 1 
Ti, % —— i
F 6fH ___ __ h,» 7° —— — ^ 
Saf -i, % ———— 1
Org-*C, %- 5 
Csdrb-C, £ 5
AQ __________ — 1

____________ P

•D Q ______ P
p n __ „ __ _ p
PV» ________ __ P\jL — — — — — -••>• <£

Pn_. ____ _ p
r»ja ______ _ pVjd fc 
rjck _______ 1Vjts J.
110. __________ Qng — — —— j 
La ————— 2
Li ———— 3
lur-n ____ _ — ?
Mo ————— 2
Nb ————— 2
•k* • /%Ni ————— 2
Ph ___ — - 2
X *J *•* 
OVv OnD —————— J
CVv.. ______ _ 1

c«_ — _ _ _ p
rt-_ •!Sn ————— 1
q-r* ___ ____ p
V —————— 2
Y ____ — - 2j. *—
VT» OID ——————— 2
7r> __ __ _ «a
7r» _ ____ _ p
U ————— 6
Th ———— 6

lod Ratio

74:74 
74:74 
74:74 
74:74 
74:74 
74:74 
74:74 
74:74 
60:74 
71:74 
71:74 
71:74
42:42 
71:74 
74:74 
74:74 
74:74 
74:74 
74:74 
38:42 
74:74 • 
74:74 
71:74 
74:74 
74:74 
64:74 
74:74 
74:74 
73:74 
37:42 
74:74 
39:42 
72:74 
74:74 
74:74 
74:74 
74:74 
74:74 
74:74 
60:60

Observed 
Range

6.7-2</- 
1.6-6.6
1.1-3.9 
.32-5.4 
6.3-32 
.10-3.7 
.25-5.1 

- .063-. 29 
<.o4-.23 
<.03-.88 
<. 02-16 
<1.9-14 
4.3-29 
<13-4oo 
150-690
6.3-15 

16-72 
15-120

3-2-17 
<.15-1.9 
.030-. 23

13-85 
<4. 8-140 

190-780 
3.5-44 

<4.o-39 
14-47 

3.5-170 
<8. 0-120 
<.l6-3.9 
2.8-15 

<. 15-16 
<200-990 
3.7-150 
7.5-40
.86-3.5 
47-140 
29-210

2.7-11 
4.9-20

Geometric 
Mean

15 
3.6 
2.2
2.9 

11 
1.4 
1.7 

.17 

.076

.23 
4.8
4.7 

13 
99. 

390
10
14 
45 
5.1 

.44

.11 
35 

. 35 
310 

14 
11 
26 
21 
68 

.97 
6.3 
1.7 

540 
74 
14 
1.4 

79 
75 
4.9 
8.3

Geometric 
Deviation

1.25
1.3& 
1.29 
1.45 
1.36 
1.68
1.67 
1.31 
1.78 
2.22 
2.42
1.65 
1.60 
1.92 
1.34 
1.24 
1.42 
1.58 
1.54 
1.92 
1.36 
1.48 
2.24
1.35 
1.68
1.87 
1.26 
1.71 
1.49 
2.34 
1.47 
2.74 
1.38 
1.41 
1.42 
1.37 
1.23 
1.44
1.35 
1.33

Analytical Methods:
1 - X-ray fluorescence
2 - Semiquantitative optical emission spectroscopy
3 - Atomic absorption spectrophotometry
4 - Specific ion electrode
5 - Gasometric
6 - Neutron activation analysis • ^r
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Table 5.—-Analysis of logarithmic variance of elemental composition of 74 
samples of oil shale from the interval 229-320 m ( Mahogany Zone ) in the USGS 

corehole CR-2, Piceance Creek Basin, Colorado

[See figure 5 for analysis-of-variance sampling design.]

[*, component of variance tested to be significantly different from 
zeroat the 0.05 probability level; values in percent of total 
logarithmic variance}
Element Total 

logarithmic 
variance

Between 
30-meter 
intervals

Between 
3-meter 
intervals

Between 
0. 3-meter 
intervals

Between 
analyses

Al- _ .. __

n«

K_— — — — — — 
Ti ————

Org-C —— 
Carb-C —

TJ_

Co ————
rv---. — -
Cu ————
F_ —

la-- _____

Li ————
m/'

1ST
Pb ——————

-

q

V ____ --
Y ——————
vw
r7_

u ———

w. \>i uu
.0167 
.0125
.0268 
.0187 
.0540 
.0569 
.0147 
.1348
• 1503 
.0502 
.0818 
.0166 
.0096 
.0242 
.0397 
.0633 
.0179 
.0299 
.1252 
.0182 
• 0534 
.1163
.0105
.0546 
.0304 
.0292 
.0192 
.0232 
.0252
.0197 
.0085 
.0265
.0175

£.( -

12 
8 
0
7 
0

37* 
22*
31*

0 
0
5
0 
0 
8 
0 
1
3 
6 
4

13* 
16* 

0 
0 
0 
6
5 
1 
0 

18*
15* 

0
13*
12*

C.J-

23*
24* 
4 
0 

35* 
33* 
28*
35* 

0 
0

19 
16 

0 
43*
19 

2
1 
8

33* 
26* 

6
33* 
11

9 
10 
21 
12 

8 
0

15 
32* 

2 
7

*+^~ 
58* 
63*
93* 
90*
63* 
29* 
41* 
22* 
82* 
44 
13n49
31* 

0
87*
75* 
21 
61* 
26 
50* 

0 
52* 
52*
79* 

0
5

60*
53* 
56* 
62* 
79*

10 
7.5 
4.4
2.5 
2.2
2.3 
0.6 
9.0 

12 
18
I6 
63

51 
18 
81 
10 
20
65 
2.0

35 
28
67 
37 
40 
5-0 

74 
82 
61 
22
17 
12 
24 

2

21



Table 6.—Chemical analyses of 7A samples from the interval 229-320 m 
( Mahogany Zone ), in USGS corehole CR-2, Rio Blanco County, Colorado

[Analyses were by X-ray fluorescence (-x), atomic absorption spectrophotometry 
(-a), specific ion electrode (-elec), semi-quantitative optical emission 
spectroscopy (-s), or neutron activation analysis (-n). Values are in percent 
(%) or parts per million (ppm) dry weight of sample. Leaders (—) indicate no 
data available.]
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Table 7.—Summary of composition of the interval 320-625 m of the Parachute 
Creek Member of the Green River Formation in USGS corehole CR-2, Piceance

Creek Basin, Colorado

CData expressed in parts per million except where noted as percent (%} ; 
Ratio, number of samples in which the element was found in measurable 
concentrations to number of samples analyzed; leaders (—) indicate no 
data available]

Element Met

Si, % —— 1 
Al, % —— 1 
Fe, % —— 1 
Mg, % —— 3 
Ca, % —— 1 
Na, % —— 3 
K, % — — 1 
Ti, % —— 1 
F, % — — 4 
S, % —— - 1 
Org-C, % 5 
Carb-C % 5
AQ __ __ 1Jno L

B_ _ __ r>
"Ra — _ 9

fn--- -- ?

PT» — — — — P

r-\ i _____ 9

f"lo____ _ P
P _ -ibe-- — - l
Hxr__ __ __ T•rig-- — — j
T «_ _ ?-Lici— t.
T T _— — ^-LI-- —— JJ 
Mn---- _ ?

Mo ———— 2 
Nb ———— 2
]\JT _ _ p
Pb ———— 2
DV» Oi\D — — — — — — J 
C!>,-- - - 1ou — — — — j. 
c n _ _ __ ?ou — .— . — — ^
C*.» 4Sn-- — — 1
^r»-- - P
V--.-.-.-. - Pv «..
Y_ _._. _ - 9
vu. oib — ——— 2
7n —— — ^

7T.__ _ __ p^ii — — — — — c.
U _____ 6
Th- - ^

iod Ratio

51:51 
51:51 
51:51
53:53
51:51
53:53
51:51 
51:51
53:53
51:51 
51:51 
51:51
48:48 
32:53 
53:53 
53:53 
53:53 
53:53
10:53 
9:53 

51:51 .
53:53 
53:53 
53:53
52:53
48:53 
53:53
52:53
53:53 
47:48
53:53 
48:48
53:53 
53:53 
52:53
52:53
53:53
53:53 
47:53
43:53

Observed 
Range

4.9-22 
.74-6.8 
.5^-2.4 
1.1-7.8 
0.8-7.5 
.69-25 
.27-3.0 

. .049-. 45 
.020-1.1
.049-. 71 
3.0-23
.78-7.9 
1.7-29
<10-230 
36-810 
1.1-41
7.0-410 
1 ^-^20-L . _^ JZ.\J

<4-5.8 
<.9-2.8 
.05-. 21
15 66
13-190 
64-420
<2-27 
<4-30 
1.5-190 
<4-53
40-170

<.2-2.9
2.0-11 
,40-21 
170-790 
15-180
<2-29 

< o_p ^^ » 7 £• • J

30-200

9 Q O*1 A .O-210
^ * £ 4 r\<1 • O-12
<^/i /i-p^<^^T » 'T— A.J

Geometric 
Mean

14 
3.8
1.5 
4.2 
4.1
3.3 
1.2 
.14 
.074 
.21 

8.5 
3.5 

11 
24 

280
9.*

38 
40

.10 
32
65 

220
8.7 
10
25 
14 

100 
.96

6.3 
1.6 

340 
91 
13 
1.3 

91 
88
4.3 
8.7

Geometric 
Deviation

1.30 
1.39 
1.3^ 
1.44
1.55 
1.64
1.52 
1.39 
2.49
1.75 
1.61
1.57 
1.87 

' 3.24
1.63 
1.76 
2.26 
2.85

1.3^ 
1.40
1.75 
1.44
1.79 
1.54 
2.42
1.91 
1.30 
1.65 
1.37 
2.19 
1.37 
1.50 
1.61
1.32 
1.37 
1.67 
1.48
1.35

Analytical Methods;
1 - X-ray fluoresence
2 - Semiquantitatiye optical emission spectroscopy
3 - Atomic absorption spectrophotometry
4 - Specific ion electrode
5 - Gasometric
6 - Neutron activation analysis
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Table 8.—Analysis of logarithmic variance of elemental composition of 53 
samples of oil shale from the interval 320 to 625 meters in the USGS corehole

CR-2, Piceance Creek Basin, Colorado

[See figure 7 for analysis-of-variance sampling design.]

t*, component of variance tested to be significantly different from 
zero at the 0.05 probability level; values in percent of total 
logarithmic variance]

Element Total 
logarithmic 
variance

Between 
30-meter 
intervals

Between 
3-meter 
intervals

Between 
0. 3-meter 
intervals

Between 
analyses

Si- 
Al- 
Fe«

Ca- 
Na- 
K—

S
Org-C
Carb-C
As
B
Ba
Co
Cr
Cu
p
Hg
La 
Li

Mo

Pb
Rb
Sb
Sc
Sn
Sr
V
Y
Yb
Zn
Zr

0.0149
.0206
.0170
.0259
.0374
.0473
.0342
.0219
.0603
.0473
.0471
.0752
.2719
.0470
.0618
.1318
.2139
.1798
.0165
.0219
.0789
.0297
.0813
.1089
• 1551 
.0860
.0197
.0543
.0215
.1576
.0207
.0347
.0505
.0152
.0212
.0551

•o 
1

29
0
0

13
20

0
17

0
0
1. 

30 
40* 
19 
57* 
25

3
17

8.7
0
0
8.7

41
0 
0 
0 
0 

26*
57* 

0 
0 
0 
0 
0

14
2532*
2.6 

61* 
21 
29

36*
25 
54* 
35 47*

8
38* 
26* 
44*

0
1.9
7.7
0
055* 
o

40* 
56* 
42* 
6.8

36
8.1
0

42* 
30 
26 
67* 
37

84*
71* 
36* 
96*
37* 
65*
51* 
67* 
12 
70* 
32* 
45* 
18* 
24 
35* 
13* 
25* 
85* 
66* 
9.5 

91* 
47 
30*
59* 
16* 
10 
55* 
75* 
39* 

0
29* 

2
8* 

49*
31* 
36

I

2.0
2.4
2.2
1.7
2.7
0.73
0.23
1.7

35

19
I' 2 

28
7.2 
3". 7 
5.5 
2.3

28
66 

• 55

II
32
3-5 

3^
3.0 

18
25
66

26
22
25
2.4

28

24



Table 9.—-Chemical analyses of 53 samples of oil shale from the interval 320 
to 625 meters of the Parachute Creek Member of the Green River Formation in 

USGS corehole CR-2, Piceance Creek Basin, Colorado

[Analyses are by X-ray fluorescence (-x), atomic absorption spectrophotometry 
(-a), specific ion electrode (-elec), semi-quantitative optical emission 
spectroscopy (-s), or neutron activation analysis (-n). Values are in percent 
(%), or parts per million (ppm) dry weight of sample. Leaders (—) indicate 
no data available. < » concentration less than the value indicated. > - 
concentration greater than the value indicated.]
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